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Antibodies which bind ^-glycoprotein I (&GPI) are associated with antiphospholipid syndrome. 
Synthetic peptide mimotopes have been discovered which compete with 0 2 GPI for binding to selected 
anti -#>GPI. A thiol-containing linker was attached to the N-terminus of two cyclic thioether peptide 
mimotopes, peptides la and lb. The resulting peptides, with linker attached, were reacted with two 
different haloacetylated platforms to prepare four tetravalent peptide-platform conjugates to be tested 
as B cell toleragens. The linker-containing peptides were reacted with maleimide-derivatized keyhole 
limpet hemocyanin (KLH) to provide peptide-KLH conjugates. Peptides la and lb were also modified 
by acylatlon with 3 (4'-hydroxyphenyl) propionic acid TSAhydroxysuccinimidyl ester. The resulting 
hydroxyphenyl peptides were radioiodinated and used to measure anti-peptide antibody levels. The 
KLH conjugates were used to immunize mice to generate an anti-peptide Immune response. The 
Immunized mice were treated with the conjugates or saline solution and boosted with the appropriate 
peptide-KLH conjugate. Three of the four conjugates suppressed the formation of anti-peptide 
antibody. The stabilities of the conjugates in mouse serum were measured, and the relative stabilities 
did not correlate with ability to suppress antibody formation. 



INTRODUCTION 

Multiple copies of a hapten attached covalently to a 
nonlmmunogenic polymeric backbone or platform can 
tolerize those B lymphocytes producing antibodies that 
bind the hapten, rendering them nonresponsive to hap- 
tenated immuriogens (7, 2). The result is a decrease in 
the amount of antibody produced against the hapten. 
Molecules such as these, which suppress antibody pro- 
duction by B cells, are called toleragens. For example. 
2,4-dinitrophenyl (DNP) groups attached to the D-lysines 
in polymers consisting of D-amino acids can suppress IgG 
production in animals which have been immunized with 
DNP-derivatized proteins. Such findings suggested a 
therapeutic approach for treatment of autoimmune dis- 
orders by specifically tolerizing antigen-specific B cells. 

B cell tolerance is the reduction of the ability of a 
specific B cell to produce antibody. B cell tolerance in vivo 
can be accomplished by treatment with a toleragen, a 
molecule bearing multiple copies of hapten. Tolerization 
of mice, which were immunized with synthetic double 
stranded oligonucleotides, has been accomplished with 
a "platform conjugate" consisting of four double-stranded 
oligonucleotides on a PEG based platform (3). This 
concept was further refined into LJP 394, a molecule 
designed to treat lupus nephritis (4). LJP 394 consists 
of four double-stranded oligonucleotides connected to a 
defined platform. 

The prospect of developing treatments for other auto- 
immune diseases has led us to search for peptide mimo- 
topes of naturally occurring antigens, /^-glycoprotein I 
(PzGPl) has been implicated as the natural antigen of 
what have been historically referred to as anticardiolipin 
antibodies (ACA). which are associated with arterial and 
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venous thrombosis, recurrent fetal loss, and thrombocy- 
topenia (5, A number of ACA-binding peptides have 
been discovered by screening random-peptide phage 
libraries (/). Most.of these phage-derived ACA-binding 
peptides are cyclic due to an intramolecular disulfide 
bond in each. Two analogues of these cyclic peptides have 
been synthesized as thioether peptide analogues in which 
the disulfide (S-S) is replaced with a thioether (CH 2 -S) 
(8, 9}. Both thioether peptide analogues compete with 
PzGPl for ACA which was affinity purified from serum 
from a single recurrent stroke patient. 

The goal of these studies was to develop a method for 
attaching cyclic thioether peptide analogues to multi- 
valent platforms and test their ability to tolerize an 
immune response. Thioether peptide analogues were 
attractive for several reasons. First, a thiol linker can 
be conveniently used to attach molecules of interest to 
haloacetylated platforms. A cyclic peptide thioether bond 
is stable in the presence of a thiol linker, whereas a 
disulfide bond may be reactive with a thiol linker. Thiol 
exchange between a thiol and a disulfide can be a rapid 
reaction leading to mixtures of products (10j. Second, a 
thioether bond may be less rapidly metabolized than a 
disulfide bond (77), addressing a major concern with 
peptide-based drugs. 

EXPERIMENTAL PROCEDURES 

All chemicals were used as purchased unless otherwise 
specified. Ethyldiazoacetate. 2-(2-(2-chloroethoxy)ethoxy]- 
ethanol, BF 3 -Et 2 0, thiobenzoic acid, 1 ,8-diazabicyclb- 
[5.4.0]undec-7-ene (DBU). trlphenyl methyl chloride, p- 
nltrophenol. dicyclohexylcarbodiimide (DCC). di-tert- 
butyldicarbonate, 3,5-diaminobenzoic acid, N-hydroxysuc- 
cinimide (NHS), ethylenedlamine, triethyleneglycol bis- 
chloroformate, and lodoacetic anhydride were purchased 
from Aldrich Chemical Co. Maleimidyl-activated KLH 
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compd 



mol. formula 



type 



calcd 



found 



4 

5 

7 

8 

3 

10 

11 

12 

13 

15a 
15b 
16a 
16b 
17a 
17b 
20a 
20b 



C17H24N2O6 
C 2 ,H 2 7N 3 08 
C22H«N 4 Oio 
C«H 7 oNeOi6 

C34H«N 8 0,2l 4 

Ci 7 H 2 40 6 SNa 

C29H350 5 S 

C27H30O5S 

C 2 7H3o0 5 SNa 

C33H33NO7S 

C M H3307SNa 

C59H101N15O17S2 

C59H|04N|8Oi7Si2 

C270H443N68O80S8 

C27oH455N8o08<>S8 

C284H485N70O82S8 

C284H497N82082S8 

CeoHoeNisOisS 
CeoHggNiaOisS 



EA 
EA 
EA 
EA 
EA 
MS 
MS 
EA 
MS 
EA 
MS 
MS 
MS 
MS 
MS 
MS 
MS 

MS 



C. 57.94; H. 6.86; N. 7.95 

C, 56.1 1:H, 6.05: N. 9.35 

C, 50.55; H, 8.10: N, 10.72 

C. 55.74; H, 7.12; N, 11.31 

C. 32.35; H. 3.35: N. 8.87 

(M + Na) 379.1191 

(M + H) 495.2205 

C. 69.50; H, 6.48 

(M + Na) 489.1712 

C. 67.44; H, 5.66: N. 2.38 

(M + Na) 610.1875 

(M + H) 1357 

(M + H) 1402 

(M + H) 6178 

(M + H) 6359 

(M + H) 6449 

(M + H) 6629 

(M + H) 1299 

(M + H) 1344 



C. 58. 19; H, 6.67: N. 7.77 

C. 55.95; H, 5.91; N. 9.12 

C. 50.42; H. 7.97; N, 10.45 

C. 55.37; H. 7.09; N. 11.15 

C, 31.78; H, 3.05; N. 8.32 

(M + Na) 379.1203 

(M + H) 495.2216 

C. 69.33: H. 6.39 

(M + Na) 489.1723 

C. 67.56: H. 5.68; N, 2.68 

(M + Na) 610.1904 

(M + H) 1357 

(M + H) 1402 

(M + H) 6179 

(M + H) 6361 

(M + H) 6449 

(M + H) 6629 

(M + H) 1299 

(M + H) 1344 



was purchased from Pierce (catalog no. 77105). 3-(4'-Hy- 
droxyphenyl)propionic acid N-hydroxysuccinimidyl ester 
(Taggit) was purchased from Novabiochem. Silica gel 
chromatography was performed on silica gel (230-400 
Mesh ASTM) purchased from Baxter. TLC was per- 
formed on silica gel TLC plates (5554) manufactured by 
EM Separations. Phosphate-buffered saline (PBS) was 
prepared by dissolving 175 g of NaCl, 6.5 g of NaH 2 P0 4 - 
H 2 0, and 40.9 g of Na 2 HPO<-H 2 0 in H 2 0 and diluting to 
a final volume of 20 L. Tris-buffered saline (TBS) was 
prepared by dissolving 219.9 g of NaCl and 151.4 g of 
tris(hydroxymethyl)aminomethane in H 2 0, adjusting the 
pH to 8.0. at a final volume of 25 L. with HC1. 

Melting points are reported uncorrected. NMR spectra 
were recorded on a Bruker AC-300 spectrometer with 
broad band probe. Elemental analyses were performed 
by Desert Analytics of Tucson, Arizona. Mass spectra 
were recorded on a Finnigan LC-Q electrospray mass 
spectrometer or obtained from the Mass Spectroscopy Lab 
at the Scripps Research Institute, San Diego, CA. 

Bis-TV^Ctert-butyloxyrarbonyOdlaminobenzoic acid, 
compound 4. A solution of 7.18 g (32.9 mmol) of di-ferf- 
butyldicarbonate in 5.5 mL of MeOH was slowly added 
to a solution of 2.5 g (16.4 mmol) of 3.5-diaminobenzoic 
acid and 2.76 g (32.9 mmol) of NaHC0 3 in 44.5 mL of 
H 2 0 and 22.5 mL of MeOH, and the mixture was stirred 
at room temperature for 24 h. The mixture was cooled 
to 0 °C. and 6.53 g of citric acid was added. The mixture 
was extracted with EtOAc, and the combined EtOAc 
layers were dried (MgSO*), filtered, and concentrated. 
The residue was dissolved in 40 mL of Et 2 0, and the 
solution was filtered through Celite. The Et 2 0 layer was 
extracted with two 40 mL portions of HC1. The Et 2 0 layer 
was dried (MgS0 4 ), filtered, and concentrated to give 3.81 
g (66%) of 4 as a foamy pink solid; mp 199 °C. »H NMR 
(CDCI3): 6 1.55 (s, 18H), 6.80 (brd, 2H). 7.74 (s, 2H). 7.95 
(s, 1H) l3 C NMR (CDCI3): 6 28.3. 81.4. 113.1. 115.2. 
131.1, 139.6, 153.4, 170.7. MS (ESI): (M + Na) + 375.2. 
Anal. (Ci 7 H 2 <N 2 0 6 ) C, H, N (Table 1). 

W-Hydroxysuccinimidyl Ester of Compound 4 f 
Compound 5. Dicyclohexylcarbodiimide (3.34 g, 16.2 
mmol) was added to a solution of 3.8 g (10.8 mmol) of 
compound 4 and 1.24 g (10.8 mmol) of N-hydroxysuccin- 
imide in 55 mL of EtOAc which had been cooled to 0 °C. 
and the resulting mixture was stirred for 18 h allowing 
to come to room temperature. Acetic acid (0.55 mL) was 
added to the mixture, and the mixture was stirred for 
30 min and placed in the freezer at -20 °C for 2 h. The 
mixture was filtered to remove solids, and the filtrate 



was concentrated to give 5.80 g of pink foamy solid. 
Purification by silica gel chromatography (60/40/1 hex- 
ane/EtOAc/HOAc) gave 4.30 g (89%) of compound 5 as a 
slightly pink solid; mp 133-137 °C. »H NMR (CDCla): 6 
1.55 (s, 18H), 2.94 (s. 4H), 6.81 (s, 2H). 7.79 (s, 2H), 7.96, 
(s, 1H). I3 C NMR (CDCI3): 6 25.6. 28.2, 81.2. 113.9. 114.3. 
126.3. 139.8. 152.3, 161.4, 169.0. MS (ESI): (M + Na + ) 
472.2. Anal. (C 2l H 27 N 3 0 8 ) C. H. N. 

Mono-7V-(tert-butyloxycarbonyl)ethylenedi- 
amine, Compound 6. This compound was prepared in 
a manner similar to that described by Huang {J 21, A 
solution of 1.5 g (25.0 mmol) of ethylenediamine in 15 
mL of CH 2 C1 2 was cooled to 0 °C, and a solution of 1.82 
g (8.33 mmol) of di -tert-butyldicarbonate was added 
slowly to the mixture. The mixture was stirred at room 
temperature for 18 h and filtered, and the filtrate was 
concentrated. Purification by silica gel chromatography 
(90/10/1 CH 2 Cl 2 /MeOH/HOAc) gave 0.98 g (67%) of 
compound 6 as an oil. 

Bis-[A/i-(M-(ferf-butyloxycarbonyl)-2-aminoethyl)- 
carbamoyl]triethylene Glycol, Compound 7. To a 
solution of 750 mg (4.25 mmol) of compound 6 and 345 
fiL (337 mg. 4.25 mmol) of pyridine in 6 mL of CH 2 C1 2 
was added 445 /iL (559 mg. 2.02 mmol) of triethyleneg- 
lycol bis-chloroformate. The mixture was stirred for 3.5 
h. and partitioned between 35 mL of CH 2 C1 2 and 35 mL 
of 1 N HC1. The CH 2 C1 2 layer was washed with H 2 0. 
dried (Na 2 S0 4 ). filtered, and concentrated to give 1.14 g 
of compound 7 as a white solid; mp 105-110 9 C. 'H NMR 
(CDCI3): 6 1.46 (s, 18H). 3.30 (brd s, 8H). 3.68 (s. 4H), 
3.72, (s, 4H), 4.24 (s. 4H), 5.16 (brd s, 2H), 5.56 (brd s. 
2H). 13 C NMR (CDCI3): 6 28.4, 40.5, 41.2. 64.1, 69.6, 70.6. 
79.4. 156.3. 156.9. MS (ESI): (M + Na + ) 545.3. Anal. 
(C 2 2H 42 N4O l0 ) C, H. N. 

Compound 8. Compound 7 (300 mg, 0.57 mmol) was 
dissolved in 3.5 mL of CH 2 C1 2 . and 3.5 mL of trifluoro- 
acetic acid was added. The mixture was stirred for 3 h 
at room temperature, and the solution was concentrated 
to give 398 mg of residue. The residue was dissolved in 
1.5 mL of H 2 0. and to the resulting solution was added 
193 mg (2.30 mmol) of NaHC0 3 followed by a solution of 
567 mg (1.26 mmol) of compound 5 in 6 mL of dioxane. 
The mixture was stirred for 3 h. acidified with 1 N HC1, 
and partitioned between 20 mL of 1 N HC1 and 30 mL of 
EtOAc. The aqueous layer was washed with 2 x 20 mL 
portions of EtOAc. The combined EtOAc layers were 
washed with saturated NaHC0 3 solution, dried (MgSO<), 
filtered, and concentrated to give 490 mg (86%) of crude 
compound 8 as a white foamy solid. Purification by silica 
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gel chromatography (EtOAc) gave 276 mg (48%) of 
compound 8 as a white foamy solid; mp 138-140 °C. l H 
NMR (CDC1 3 ): 6 1.55 (s, 36H), 3.38 (m, 4H), 3.51 (m. 4H), 
3.65 (m, 8H), 4.21 (m, 4H), 5.99 (t, 2H). 7.11 (t, 2H), 7.24 
(s, 4H), 7.44 (s, 4H), 7.89 (s. 2H). ,3 C NMR (CDC1 3 ): 6 
28.5.40.6,41.0, 64.3,69.8,70.8,80.8. 111.6, 112.0, 135.8, 
139.7. 153.1, 157.6. 168.4. Anal. (C 4 6H7oN 8 0,6) C, H, N. 

Compound 3. Compound 8, (100 mg, 0.1 mmol) was 
dissolved in 1 mL of 1/1 TFA/CH 2 C1 2 . and the mixture 
was stirred for 1 h at room temperature. Et 2 0 was added 
to the mixture to precipitate the resulting tetraamine salt 
which was dried under vacuum to give a white crystalline 
solid. The solid was dissolved in 1 mL of H 2 0 together 
with 168 mg (2.0 mmol) of NaHC0 3 , and the resulting 
mixture was cooled to 0 °C. To the cooled solution was 
added a solution of 212 mg (0.6 mmol) of iodoacetic 
anhydride in 2 mL of dioxane. The mixture was stirred 
at 0 °C for 15 min, acidified to pH 4 with 1 N H 2 SO<, 
and partitioned between 10 mL of H 2 0 and 6 x 10 mL 
portions of 8/2 CH 2 Cl2/MeOH. The combined organic 
layers were dried (MgS0 4 ), filtered, and concentrated to 
give 202 mg of yellow oily solid. Purification by silica gel 
chromatography (9/1 CH 2 Cl 2 /MeOH) yielded 57 mg (45%) 
of compound 3 as a white solid; mp 126-140 °C dec; l H 
NMR (1/1 CDCI3/CD3OD): 6 3.32 (m, 4H), 3.50 (m, 4H). 
3.59 (s, 4H), 3.68 (m, 4H). 3.88 (s, 8H). 4.18 (m, 4H), 7.73 
(s, 4H), 7.99 (s, 2H), 8.48 (m, amide protons partially 
exchanged), 10.41 (s, anilide protons partially exhanged). 
MS (ESI): mlz (M + H)+ 1263, (M + Na) + 1285. Anal. 
(C 34 H4 2 N 8 Oi 2 I<) C. H, N. 

Ethyl-ll*chloro-3,6,9-trioxaundecanoate, 9. This 
compound was prepared as described by Boumrah (7 3). 
A 0 °C solution of ethyldiazoacetate (11.56 mL; 10.704 
g; 1 10 mmol) in 100 mL of CH 2 C1 2 was added dropwise 
over 30 min to a solution of 2-[2-(2-chloroethoxy)ethoxy]- 
ethanol (14.54 mL. 16.86 g. 100 mmol) and BF 3 -Et 2 0 
(1.23 mL. 1.066 g. 10 mmol) in 150 mL of CH 2 C1 2 . under 
a nitrogen atmosphere, at 0 °C. The solution was stirred 
for 30 min at 0 °C, and 100 mL of H 2 0 was added to the 
reaction mixture. The mixture was transferred to a 
separatory funnel and shaken vigorously. The CH 2 C1 2 
layer was washed twice with 100 mL of H 2 0, dried 
(MgSO^. filtered, and concentrated. The concentrate was 
distilled under vacuum to give 14.47 g (57%) of 9 as an 
oil (bp 94-140 °C, 0.25 mmHg). *H NMR (CDCI3): 6 1.29 
(t, 3H). 3.60-3.81 (m. 12H), 4.16 (s, 2H). 4.22 (q, 2H). 
,3 C NMR (CDCI3): d 14.1. 42.8, 61.0, 68.9, 70.4. 70.4, 
70.5, 70.7, 71.2, 170.6. 

Ethyl 5 Benzoyl 11-mercapto 3,6,9 trioxaunde- 
canoate, 10. A solution of 6.51 g (47.1 mmol) of thioben- 
zoic acid in 25 mL of dry DMF was added to a 0 °C 
solution of 10.0 g (39.3 mmol) of 9 in 80 mL of dry DMF. 
To the mixture was added 10.85 g (78.5 mmol) of DBU 
in 45 mL of dry DMF. The mixture was stirred at 0 °C 
for 10 min and heated to 70 *C for 16 h. The mixture 
was concentrated, and the concentrate was partitioned 
between 200 mL of CH 2 C1 2 and 2 x 200 mL of 1 N HC1. 
The CH 2 C1 2 layer was washed with saturated NaHCOa, 
dried (MgSO^, filtered, and concentrated to give 13.2 g 
of crude product. Purification by silica gel chromatogra- 
phy (7:3 hexane/ethyl acetate) gave 9.49 g (68%) of 10 as 
a light yellow oil. 'H NMR (CDC1 3 ): 6 1.30 (t, 3H), 3.31 
(t, 2H), 3.69-3.78 (m, 10H), 4.18 (s. 2H), 4.23 (q, 2H), 
7.48 (m. 2H), 7.59 (m. 1H), 8.00 (d. 2H). ' 3 C NMR 
(CDCI3): 6 14.4, 28.7, 60.5, 68.4. 70.1, 70.2. 70.4, 70.6. 
127.5. 129.0, 133.5, 137.0, 170.5, 191.5. HRMS (FAB) mlz 
cald for Ci 7 H 2 40 6 SNa: (M + Na) 379.1191. Found: 
379.1203. 



Ethyl STripheny lmethy 1 1 1 -merca^to-3,6,9- 1 ri- 
oxaundecanoate, 11. A 2.27 M solution of sodium 
ethoxide in ethanol (10.5 mL. 28.1 mmol) was added 
under N 2 to a 0 °C solution of 5.0 g (14.0 mmol) of 10 in 
15 mL of ethanol, and the mixture was stirred at 0 °C 
for 30 min. The reaction was acidified to approximately 
a pH of 2 with 5 N HC1, and the mixture was concen- 
trated. The concentrate was partitioned between 2 x 200 
mL of ethyl acetate and 200 mL of 1 N HCI. The 
combined ethyl acetate layers were dried (MgSO<), 
filtered, and concentrated. The resulting orange oil was 
dissolved in 15 mL of CH 2 C1 2 , the resulting solution was 
cooled to 0 °C, and 5.67 mL (5.55 g, 70.15 mmol) of 
pyridine and 4.30 g (15.43 mmol) of triphenylmethyl 
chloride was added. The mixture was stirred for 2 h at 
room temperature and concentrated. The concentrate was 
partitioned between 3 x 200 mL of ethyl acetate and 200 
mL of 1 N HCI. The ethyl acetate layer was dried 
(MgS0 4 ), filtered, and concentrated. Purification by silica 
gel chromatography (7:3 hexane/ethyl acetate) gave 4.18 
g (60%) of 11 as a viscous oil. ! H NMR (CDC1 3 ): 6 1.28 
(t. 3H), 2.46 (t. 2H), 3.32 (t, 2H), 3.47 (m, 2H), 3.60 (m, 
2H), 3.69 (m, 2H), 3.73 (m, 2H), 4.14 (s, 2H), 4.21 (q, 2H), 
7.20-7.33 (m, 9H), 7.43 (m, 6H). 13 C NMR (CDCI3): 6 
14.3, 31.9, 61.2, 66.5, 68.7, 69.6, 70.1, 70.3, 70.6. 70.8. 
127.1, 128.1, 129.9. 145.0, 170.6. HRMS (FAB) mtecalcd 
for C 29 H350 5 S: (M + H) 495.2205. Found: 495.2216. 

5-TriphenylmethyMl.mercapto-3,6,9-trloxaun- 
decanolc acid, 12. To a solution of 2 g (4.04 mmol) of 
11 in 12.2 mL of ethanol was added 1.6 mL (0.648 g; 
16.16 mmol) of 10 M NaOH, and the mixture was stirred 
for 90 min. The mixture was acidified with 1 N HCI to a 
pH of 2 and partitioned between 200 mL of EtOAcand 
200 mL of 1 N HCI. The aqueous layer was washed with 
two 200 mL portions of EtOAc. The combined EtOAc 
layers were dried (MgS0 4 ), filtered, and concentrated to 
give 1.84 g (97%) of 12 as a viscous oil which solidified 
on standing to give a white solid; mp 59-60 °C. l H NMR 
(CDCI3): 6 2.46 (t. 2H), 3.32 (t, 2H), 3.48 (m, 2H), 3.65 
(m, 2H), 3.70 (m, 2H), 3.75 (m, 2H), 4.14 (s. 2H), 7.22- 
7.34 (m, 9H). 7.44 (m. 6H). 13 C NMR (CDCI3): 6 31.9. 
66.8, 69.6. 69.8, 70.2. 70.4. 71.3. 126.6, 127.8, 129.6, 
145.0. 173.2. HRMS (ESI) mlz calcd for C 27 H3o0 5 SNa: (M 
+ Na) 489.1712. Found: 489.1723. Anal. (C27H30O5S) C. 
H, 

4'-Nitrophenyl-5-triphenylmethyl-ll-mercapto- 
3,6,9 trioxaundecanoate, 13. To a solution of 1.5 g (3.21 
mmol) of 12 in 15 mL of CH2CI2 cooled to 0 °C were added 
0.447 g (3.21 mmol) of />nitrophenol and 0.93 g (4.48 
mmol) of DCC. and the mixture was stirred at room 
temperature for 18 h. To the mixture was added 105 /<L 
(0.108 g; 1.79 mmol) of acetic acid, and stirring was 
continued at room temperature for 1 h. The mixture was 
placed in the freezer for 30 min and filtered. The filtrate 
was concentrated, and the residue was purified by silica 
gel chromatography (70/30/1 hexane/EtOAc/HOAc) to 
give 1.65 g (87%) of 13 as white crystals; mp 73-74 °C. 
■H NMR (CDCI3): 6 2.47 (t, 2H). 3.35 (t, 2H), 3.48 (m, 
2H), 3.62 (m, 2H), 3.75 (m. 2H). 3.85 (m, 2H), 4.47 (s, 
2H), 7.20-7.35 (m, 11H), 7.42 (m, 6H), 8.29 (d, 2H). I3 C 
NMR (CDCI3): <5 32.0, 66.6, 68.5, 69.6, 70.1, 70.4. 70.8. 
71.2, 122.2. 125.2, 126.7. 127.9. 129.6, 145.0, 155.0, 168.5. 
HRMS (FAB) mlz calcd for CaaHaaOySNa: (M + Na) 
610.1875. Found: 610.1904. Anal. (CaaHaaNOyS) C, H, N. 

Attachment of Linker 13 to la, Synthesis of 
Compound 15a. To 15 mg (0.013 mmol) of compound 
la were added 160 of a solution of 29.5 mg of 
compound 13 and 17.5 of diisopropylethyiamine in 0.5 
mL of DMF. The mixture was stirred for 2 h and 
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Table 2. Reduction of Antl Peptide Antibodies in Mice" Treated with Compounds 16a, 16b, 17a, and 17b as Determined 
by the Farr Assay 



experiment 1 experiment 2 experiment 3 experiment 4 

(treatment with 16a)* (treatment with 16b)* (treatment with 17a) 6 (treatment with 17b) 6 



dose (nmoi) 


mean 


SD 


reduction 


mean 


SD 


reduction 


mean 


SD 


reduction 


mean 


SD 


reduction 


none 


203 


72 




275 


188 




231 


61 




275 


188 




1.25 














298 


59 


0% 








2.5 








59 


31 


78% 


204 


94 


11% 


19 


13 


93% 


5.0 


100 


71 


51% 


112 


42 


41% 


192 


103 


17% 


109 


62 


60% 


10.0 


82 


16 


59% 


44 


16 


84% 


213 


93 


8% 


52 


46 


81% 


50.0 


65 


36 


68% 


73 


66 


73% 


295 


127 


0% 


104 


68 


62% 



*Flve mice per group were immunized with peptide-KLH conjugate 19a or 19b. Three weeks later, the mice were treated with 
tetravalent peptide conjugate. Five days later, the mice were boosted with peptide-KLH conjugate. Seven days later, the mice were bled. 
b Antigen-binding capacity (ABC) (see refs 75and 16). c ABC significantly lower than control (experiment I, p= 0.0157: experiment 2. p 
* 0.0015; experiment 4, p = 0.0015). 



precipitated by addition of Et 2 0. The precipitate, com- 
pound 14a. was dried under vacuum and dissolved in 650 
/<L of a solution of 1/1/0.056/0.040 TFA/CH 2 Cl 2 /thio- 
phenol/Me2S. and the solution was allowed to stand for 

1 h. Precipitation by addition of Et 2 0 gave crude com- 
pound 15a which was purified by HPLC (C18, 15-45% 
CH 3 CN/H 2 0 0.1% TFA). Fractions containing pure prod- 
uct were lyophilized to give 8.6 mg (48%) of 15a as a 
white solid; MS (ESI): mlz (M + H) 1357. 

Attachment of Linker 13 to lb, Synthesis of 
Compound 15b. To 100 mg (0.084 mmol) of compound 
lb was added 1.05 mL of a solution of 88.5 mg of 
compound 13 and 52.5//L of diisopropylethyl amine in 1.5 
mL of DMF. The mixture was stirred for 16 h and 
precipitated by addition of Et 2 0. The precipitate, com- 
pound 14b, was dried under vacuum and dissolved in 
3.35 mL of a solution of 1/1/0.056/0.040 TFA/CH 2 C1 2 / 
thiophenol/Me^. and the solution was allowed to stand 
for 2 h. Precipitation by addition of Et 2 0 gave crude 
compound 15b which was purified by HPLC (C18. 15- 
45% CH 3 CN/H 2 0 0.1% TFA). Fractions containing pure 
product were lyophilized to give 60 mg (51%) of 15b as a 
white solid; MS (ESI): mlz (M + H) 1402. 

Conjugate 16a. To a solution of 45 mg (33.2 x 10" 6 
mol) of 15a in 3.32 mL of He-sparged pH 8.5, 200 mM 
borate buffer was added 1 .02 mL of a 8.2 mg/mL solution 
of 3 in MeOH. The mixture was stirred for 16 h and 12 
mL of 10% HOAc/H 2 0 solution was added. The mixture 
was purified by HPLC (C18, gradient 30-45% CH 3 CN/ 
H 2 0 0. 1% TFA) to give 9.0 mg of 16a; MS (ESI) /Scaled 
for C 27 oH443N6808oS 8 : (M + H) 6178. Found: 6179. 

Conjugate 16b. To a solution of 33.1 mg (23.6 x 10" 6 
mol) of 15b in 2.8 mL of He-sparged pH 8.5. 100 mM 
borate buffer was added 707 fiL of a 8.4 mg/mL solution 
of 3 In MeOH. After 2 h, another 6.6 mg of 15b was 
added. The mixture was stirred for 3 h and 0.5 mL of 
10% HOAc/H 2 0 solution was added. The mixture was 
purified by HPLC (CI 8. gradient 30 to 40% CH 3 CN/H 2 0 
0.1% TFA) to give 23.0 mg of 16b MS (ESI) /Scaled for 
C 2 7oH 45 5N8o08oS 8 : (M + H) 6359. Found: 6361. 

Conjugate 17a. To a solution of 8.6 mg (6.3 x 10" 6 
mol) of 15a in 630 fiL of He-sparged. pH 8.5, 200 mM 
borate buffer was added 40 /<L of a 40 mg/mL solution of 

2 in 9/1 MeOH/H 2 0. The mixture was stirred for 24 h, 
and 1 mL of 10% HOAc/H 2 0 solution was added. The 
mixture was purified by HPLC (CI 8, gradient 25 to 55% 
CH 3 CN/H 2 0 0.1% TFA) to give 8.3 mg of 17a. MS (ESI) 
mlz calcd for Cze^esNToC^Sg: (M + H) 6449. Found: 
6449. 

Conjugate 17b. To a solution of 38.0 mg (27.1 x 10~ 6 
mol) of 15b in 2.7 mL of He-sparged, pH 8.5. 100 mM 
borate buffer was added 452 /iL of a 1 3.5 mg/mL solution 
of 2 in MeOH. The mixture was stirred for 2 h and 0.5 



mL of 10% HOAc/H 2 0 solution was added. The mixture 
was purified by HPLC (CI 8, gradient 15 to 35% CH 3 CN/ 
H 2 0 0.1% TFA) to give 20.0 mg of 17b; MS (ESI) mlz 
calcd for Chm^otNbAkSs: (M + H) 6629. Found: 6629. 

Preparation of KLH Conjugate, 19a. Compound 
15a (2.5 mg, 1.8 //mol) was dissolved in 0.43 mL of PBS 
containing 1 mM EDTA. and to the resulting solution was 
added 0.43 mL of a 10 mg/mL solution of maleimidyl- 
activated KLH (Pierce Chemical catalog no. 77105) in 
water. The mixture was tumbled slowly for 2h at room 
temperature and was exhaustively dialyzed against PBS 
at 4 °C. The presence of conjugated peptide was demon- 
strated by the binding of relevant ACA to microplates 
coated with KLH-peptide conjugate (74). 

Preparation of KLH Conjugate, 19b. The prepara- 
tion of 19b was done essentially similarly to the prepara- 
tion of 19a using 15b instead of 15a. 

Preparation of HOP Peptide, 20a. Compound 20a 
was prepared essentially similarly to the preparation of 
20b, using la instead of lb. to provide 20a as a white 
solid. MS (ESI): mlz (M + H) + 1299. 

Preparation of HOP Peptide, 20b. To a solution of 
10 mg (8.4 /<mol) of peptide lb in 840 fiL of pH 8.5 200 
mM sodium borate buffer was added HO^L (41.8 /unol) 
of a solution of a 100 mg/mL solution of 3-(4'-hydroxy- 
phenyl)propionic acid N-hydroxysuccinimidyl ester In 
DMSO. After 2 h, 10 mL of 8/1/1 H 2 0/CH 3 CN/HOAc was 
added, and the resulting solution was loaded onto a 
preparative HPLC column and purified by HPLC (C| 8 . 
12 mL/min, gradient 8/2/0.1 HzO/CHaCNHTA to 6/4/0.1 
H 2 0/CH 3 CNATA over 40 min, 210 nm, retention time 
26-30 min) to provide 6 mg of 20b as a white solid after 
lyophilization. MS (ESI): mlz (M + H) + 1343. 

In Vivo Biology. Mice (C57B1/6, five mice per group) 
were immunized with 19a or 19b, a conjugate of the 
peptide covalently attached to KLH. The immunizations 
were accomplished by intraperitoneal (IP) injection of 0.5 
mL of a solution containing 10 /*g of the conjugate (19a 
or 19b) precipitated on 2 mg of alum and 2 x 10 9 
Bordetella pertussis organisms as an adjuvant (7,5). Three 
weeks after immunization, the mice were injected, IP, 
with the test toleragens 16a, 16b, 17a, or 17b at the 
doses indicated in Table 2. Mice immunized with 19a 
were injected with 16a or 17a, while mice immunized 
with 19b were Injected with 16b or 17b. A control group 
was injected with 0.5 mL of saline instead of the toler- 
agen. Five days later, mice in both groups were boosted 
with the peptide-KLH conjugate in saline solution. 
Seven days later, all of the mice were bled, and serum 
was harvested. The antl-peptlde antibody levels of the 
serum, reported as antigen-binding capacity (ABC), was 
determined by a Farr assay where the radioactive 
antigen 20a or 20b was present at 10" 8 M (75. 76). 
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Determination of Serum Levels of Anti-Peptide 
Antibodies Using the Farr Assay. Hydroxyphenylated 
peptide, 20a or 20b, was trace radiolabeled as follows. 
To 50 fig of hydroxyphenylated peptide in 50 fiL of, pH 
7.5, 100 mM phosphate buffer (PB) was added 1 mCi of 
I25 I (New England Nuclear, NE2-033H) followed by 25 
jiL of a solution of 2 mg/mL of chloramine T in PB. After 
1.5 min, a solution of 25 fiL of a solution of 2 mg/mL of 
sodium metabisulfite in PB was added. The mixture was 
loaded onto a Sep-pak C| 8 cartridge (Waters part no. 
020515), which had been washed with CH 3 CN followed 
of H 2 0. The column was eluted with H 2 0 to wash away 
salts, then with 50/50 CH 3 CN/H 2 0 to elute peptide. 
Radiolabeled peptide fractions were pooled and used as 
radioactive antigen in the Farr assay (7,5). Serum samples 
from the mice were diluted by factors of 6, 36, and 216 
with 10% normal rabbit serum in 0.1 M. pH 8.6, borate 
buffer, and the radiolabeled peptide was added to the 
mixture to give a peptide concentration of 10" 8 M. The 
IgG was precipitated by addition of an equal volume of 
saturated ammonium sulfate solution, and the counts in 
the precipitate were measured to determine the percent- 
age of counts bound to the IgG. The values are reported 
in Table 2 as antigen-binding capacity (ABC) (76). 

Serum Stability Studies. To 720 ^L of mouse serum 
(Sigma) was added 80 //L of a 10 mg/mL solution of 
conjugate (16a, 16b, 17a. or 17b) In water, and the 
mixture was incubated at 37 °C. For each time point. 100 
fiL of the mixture was added to 900 //L of a cocktail which 
contained lb as an internal standard (80 fxL of a 10 mg/ 
mL solution of lb in water added to 7.12 mL of a 1 M 
solution of guanidine HCi in 99/1 water/TFA). The 
resulting solution was loaded onto a Ci 8 Extract Clean 
column (Alltech Associates Inc.. part no. 205 000, 100 mg/ 
1.0 mL) which had been washed with 2 mL of MeOH and 
4 mL of water. The peptide conjugate and internal 
standard were eluted with 1 mL of MeOH, and the eluate 
was filtered and analyzed by HPLC (C| 8 . gradient 15/85/ 
0.1 CH 3 CN/H 2 0/TFA to 30/70/0.1 CH3CN/H2O/TFA. 0 to 



^ i A v ^^NHCOCH 2 l 

s y 

NHCOCH 2 l 



10 min. then 30/70/0.1 CH 3 CN/H 2 0/TFA to 35/65/0.1 
CH 3 CN/H 2 0/TFA, 10 to 20 min). 

DISCUSSION AND RESULTS 

To test the ability of cyclic thioether peptides la and 
lb to effect tolerance when presented on a multivalent 
platform, chemistry was developed to prepare both tol- 
erogenic and immunogenic conjugates. 

Peptides have been conjugated to a variety of sub- 
stances including other peptides, proteins, and carrier 
molecules. Some examples of the various methods used 
are mentioned below. Each method has its own advan- 
tages and disadvantages, and the best method for a 
particular application depends on a number of factors 
such as what functional groups are present on each 
partner in the coupling reaction and the solvent compat- 
ibility of the partners. 

Condensation of protected peptide fragments with 
amino polyethylene glycol) (amino-PEG) has provided 
PEG-peptide conjugates (17). Carboxy-termlnal cys- 
teines have been used to link peptides to PEG via 
disulfide bonds (18}. Peptide segments have been ligated 
to provide native proteins by taking advantage of the 
ability of an N-terminal cysteine on one peptide to react 
with C-terminal thioesters on another peptide to give a 
thioester which can rearrange to a natural amide bond 
(19}. Ligation via thiazolidine formation between a C- 
termlnal aldehyde and an N-terminal cysteine is another 
method of connecting two unprotected peptides (20}. For 
a review of protein synthesis by chemical ligation see 
Walker (£/). 

Bromoacetylated peptides have been attached to an- 
tibodies (22} or ligated to a second cysteine-contalning 
peptide (23} via thioether bonds. Peptides with cysteine 
sulfhydryl groups have been attached to DNA using 
thioether bonds (24). Another method of attaching pep- 
tides to other biomolecules is oxime formation between 
aminooxy peptides and aldehyde or ketone groups (25}. 
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* (a) Thiobenzoic acid. DBU.DMF (58%); (b) NaOEt, ethanol; 
(c) trityl chloride, pyridine. CH 2 C1 2 (50%. two steps); (d) NaOH. 
ethanol (98%); (e) />nitrophenol, DCC. CH 2 C1 2 (87%). 

Reductive amination of peptide amino groups with 
oxidized dextran has been used to immobilize peptides 
on ELISA plates (26). 

In this report, multivalent thioether peptide conjugates 
were prepared by first attaching a thiol -containing linker 
to the thioether peptides, then using the thiol to form a 
thioether bond with a multivalent haloacetyl platform 
molecule. This provides a tetravalent conjugate consisting 
of four identical cyclic thioether peptides attached to a 
common nonimmunogenic carrier platform. The objective 
of preparing such conjugates was to test their ability to 
tolerize an anti-peptide immune response in a model in 
which mice were immunized with peptide attached to 
keyhole limpet hemocyanin (KLH). 

Cyclic thioether peptide analogues la (H 2 N-TEP,) and 
lb (H 2 N-TEPh), which compete with /? 2 GPI for selected 
ACA are shown in Figure 1. The sequences of these 
peptides were derived from phage libraries which con- 
tained two fixed cysteines with seven variable amino 
acids between the cysteines (27). Phage which bound 
ACA were sequenced, and the sequences were used to 
prepare peptides which bound ACA when oxidized to 
cyclic disulfides. Peptides la and lb are analogues of the 
primary sequences in which the disulfide bond Is replaced 
with a thioether bridge. In addition peptide la contains 
an a-methyl proline replacement of a sequence which 
originally contained a proline at that position. Incorpora- 
tion of a-methyl proline resulted in tighter binding to 
ACA and is expected to confer protease resistance. 

Peptides la and lb were prepared by two different 
methods for preparing cyclic thioether analogues of cyclic 
disulfide peptides. Compound la was prepared, as previ- 



se TEP a 
b, R = TEP b 



* (a) Compound 13, DIPEA, DMF; (b) 1/1/0.056/0.04 TFA/ 
CH 2 Cl 2 /thiophenol/Me 2 S (48%, both steps). 

ously described, using a presynthesized thioether inter- 
mediate, which was incorporated in solid-phase synthesis 
(8). This method used an amide bond formation to affect 
cyclization. Compound lb was prepared by an alternate 
method which involved cyclization of a cysteine sulfhy- 
dryl with a 4 -chloro-2 -ami no- butyric acid residue which 
was incorporated in solid-phase synthesis (9). The only 
difference between la and lb, is in the fourth amino acid 
from the C-terminus. Compound la has an (5)-a-methyl- 
proiine at that position, whereas compound lb has an 
arginine at that position. The a-methylproline analogue 
was included in this study, because it was anticipated 
that it would have greater metabolic stability. Both 
analogues have similar ACA binding properties. The 
relative molar concentrations for 50% inhibition (IC50) of 
binding of ACA to § 2 GPI for la and lb are 1.32 x 
10" f M and 2.17 x iO" 4 M (28). 

Tetravalent conjugates of both cyclic thioether peptide 
analogues, la and lb, were prepared using two plat- 
forms, compounds 2 and 3, which are shown in Figure 2. 
Compound 2 was available from previous studies (4). 
Compound 3 was designed as a hybrid of 2 and a poly- 
ethylene glycol) -based platform (3) which had been 
previously used successfully in earlier tolerance studies 
with melittin peptides (29). 

The synthesis of compound 3 is described in Scheme 
1. The amino groups of 3.5-diamlnobenzoic acid were 
protected with rm-butyloxycarbonyl (BOC) groups to 
provide compound 4. Treatment of 4 with A/ hydroxysuc- 
cinimide in the presence of DCC gave the NHS ester, 5. 
Mono-BOC-protected ethylenediamine, 6, (12) was con- 
densed with triethylene glycol bis-chloroformate to pro- 
vide 7. The BOC groups were removed, and the resulting 
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diamine was condensed with 5 to provide 8. Finally, the 
BOC groups were removed and the resulting amines were 
acylated with iodoacetic anhydride to provide 3. 

A trityl protected thiol linker, compound 13, was 
developed which could be attached to the N-terminus of 
la or lb via acylation. This linker was designed to 
provide some distance between the platform and the 
peptide, and to provide water solubility. The synthesis 
of 13 is diagramed in Scheme 2. Chlorotriethylene glycol 
was converted to compound 9 by a modification of an 
existing procedure (13). Treatment of 9 with thiobenzoic 
acid provided the thioester 10. The thioester was removed 
by treatment with sodium ethoxide, and the resulting 
thiol was protected by tritylation to give trityl-thioether 
11. The ester was saponified with sodium hydroxide to 
provide the acid 12, which was esterified with DCC and 
p-nitrophenol to provide 13. 

The linker was attached to thioether peptides la (H 2 N- 
TEPa) and lb (H 2 N TEPb) by acylation at the N-terminus 
by reaction with 13 as shown in Scheme 3. The resulting 
peptide products with linker attached. 14a and 14b, were 
treated with trifluoroacetic acid in the presence of 
scavengers to remove the trityl group and provide 15a 
and 15b, the peptides with the free thiol linker. 

Tetravalent conjugates were prepared as described in 
Scheme 4. Compound 15a was reacted with platform 3 
in pH 8.5 aqueous sodium borate to provide 16a. Reaction 
of 15a with 2 in the same buffer gave conjugate 17a. 
Compound 15b reacted with 3 to give 16b and with 2 to 
give 17b. The reaction mixtures, containing crude con- 
jugates, were loaded directly onto a preparative HPLC 
column for purification by preparative HPLC. 

KLH conjugates 19a and 19b were prepared for the 
purpose of immunizing and boosting mice with peptide. 
The KLH conjugates were prepared as follows and as 
described in Scheme 5. A solution of 15a or 15b in PBS 
was added to an aqueous solution of KLH which was 
modified with maleimide groups on lysine f amines 



Scheme 6 fl 
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2Qa,R*TEP a 
20b, R = TEPb 

* (a) 3- (4 '-Hydroxy phenyl) propionic acid hydroxy succin- 
imidyl ester. DMSO. pH 8.5. borate. 

(compound 18, Pierce Chemical Co.) resulting in the 
formation of putative KLH peptide conjugates 19a and 
19b. These conjugates were not chemically characterized, 
since KLH itself is an ill-defined multisubunit-containing 
protein; however, they were characterized by their ability 
to bind ACA when coated on ELISA plates. The cgnju- 
gates were also characterized functionally by their ability 
to elicit an anti-peptide immune response in mice. 

Hydroxyphenylated peptides, 21a and 21b, were pre- 
pared as follows for use in the Farr assay! a solution 
phase assay for determining antigen binding capacity 
(ABC) (/5). Thus, peptides la and lb were hydroxy- 
phenylated by adding a solution of 3-(4'-hydroxyphenyl)- 
propionic acid N-hydroxysuccinimidyl ester (Taggit, Nova- 
biochem) in DMSO to a solution of peptide in pH 8.5 
borate buffer to provide 20a and 20b as described in 
Scheme 6. 

The Farr assay is a radioimmunoprecipitation assay 
which measures the amount of radiolabled antigen found 
in immunoglubulin which has been precipitated in the 
presence of antigen. The Farr assay is our method of 
choice for measuring antibody levels when the unbound 
antigen does not precipitate under the antibody-precipi- 
tating conditions. It is our method of choice because it is 
a relatively simple assay to run, It is reproducible, and 
it gives a numerical result, the antigen-binding capacity 
(ABC), which is independent of the dilution at which the 
assay is run. 

An immunization protocol was designed to specifically 
produce antibodies against the peptide. These anti- 
peptide antibodies would not exist in the absence of the 
immunization, because the peptide is totally synthetic. 
Thus, the ability of compounds 16a, 16b. 17a, and 17b 
to tolerate an anti-peptide immune response was tested 
in mice which were Immunized with the relevant peptides 
conjugated to KLH, conjugates 19a and 19b. Three weeks 
later the mice were treated with one of the tetravalent 
peptide conjugates, 16a. 16b, 17a, or 17b. Five days after 
treatment with the tetravalent peptide conjugates, the 
mice were boosted with a second administration of the 
relevant peptide conjugated to KLH (19a or 19b). Seven 
days after boosting, the ABC of treated and control mice 
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Table 3. Degradation of Conjugates 16a, 16b, 17a, and 
1 7b in Mouse Serum 

compd time to 50% degradation (h) 

16a 10.7 

16b 3.6 

17a 13.3 

17b 3.0 

were measured using a Farr assay at dilutions of 1/6, 
1/36, and 1/216 (/5). These data are summarized in Table 
2. The specificity of the treatments was demonstrated 
with measurements of both anti-peptide antibody titers 
using the Farr assay, and anti-carrier (KLH) antibodies 
using an ELISA assay (30j. Three of the conjugates. 16a. 
16b, and 17b. resulted in a significant reduction in the 
anti-peptide antibody levels, whereas, there were no 
reductions in the anti-KLH antibody levels in any of the 
experiments (data not shown). Thus, these toleragens 
were specific for downregulating the anti-peptide re- 
sponse without affecting the response to the protein 
carrier, KLH. Conjugate 17a did not reduce the anti- 
peptide response at the doses used, perhaps due to 
differences in the distribution, clearance, or metabolic 
properties of 17a from the other conjugates. The stabili- 
ties of the conjugates in serum were studied to determine 
if ability to tolerlze correlated to metabolic stability. The 
results, shown in Table 3, Indicate that compound 17a 
is actually the most stable conjugate of the four conju- 
gates tested in normal mouse serum, so its lack of 
tolerance activity cannot be explained by the issue of 
susceptibility to serum proteases. 

These studies show that cyclic thioether peptide anti- 
gen mi mo topes, when presented as a tetravalent conju- 
gate, can cause down regulation of an anti-peptide anti- 
body response. The downregulation is specific to the 
antibodies against the immunizing peptide as evidenced 
by no downregulation of antibodies against the carrier 
protein, KLH, which was used in the immunization. The 
downregulation is evidence of B cell tolerance, since the 
tetravalent conjugate is administered 5 days before the 
boost, at which time little or no toleragen would be 
present. 

LITERATURE CITED 

(1) Nossal, G. J. V.. Pike. B. L. f and Katz, D. H. (1973) Induction 
of B Cell Tolerance in vitro to 2,4-dinitrophenyl Coupled to a 
Copolymer of D-Glutamic Acid and /^-Lysine (DNP-D-GL). 
J. Exp. Med. 138, 312-317. 

(2) Liu. F.-T.. Zlnnecker, M.. Hamaoka, T.. and Katz, D. H. 
(1979) New Procedures for Preparation and Isolation of 
Conjugates of Proteins and a Synthetic Copolymer of D-Amino 
Acids and Immunochemical Characterization of Such Con- 
jugates. Biochemistry 18, 690-697. 

(3) Jones, D. S.. Hachmann, J. P., Osgood, S. A., Hayag, M. S., 
Barstad, P. A., Iverson, G. M., and Coutts, S. M. (1994) 
Conjugates of Double-Stranded Oligonucleotides with Poly- 
ethylene glycol) and Keyhole Limpet Hemocyanln: A Model 
for Treating Systemic Lupus Erythematosus. Bioconjugate 
Chem. 5. 390-399. 

(4) Jones. D. S., Barstad, P. A.. Field. M. J., Hachmann. J. P., 
Hayag. M. S., Hill. K. W., Iverson. G. M.. Livingston. D. A., 
Palankl. M. S., Tibbetts. A. R., Yu. L., and Coutts. S. M. (1995) 
Immunospeclflc Reduction of Antloligonucleotide Antibody- 
Forming cells with a Tetrakls-Ollgonucleotlde Conjugate (LJP 
394), a Therapeutic Candidate for the Treatment of Lupus 
Nephritis. J. Med. Chem. 38. 2138-2144. 

(5) Kandiah. D. A.. Sail. A., Sheng, Y., Victoria. E. J., Marquis. 
D. M., Coutts. S. M.. and Krills. S. A. (1998) Current Insights 
into the "Antiphospholipld" Syndrome: Clinical, Immunologi- 
cal, and Molecular Aspects. Adv. Immunol. 70. 507-563. 



(6) Iverson, G. M.. Victoria. E. J., and Marquis. D. M. (1998) 
Anti-02 glycoprotein I (02CPI) autoantibodies recognize an 
epitope on the first domain of 02GPI. Proc. Natl. Acad. Sci. 
37. 15542-15546. 

(7) Smith. G. N.. and Petrenko. V. A. (1997) Phage Display. 
Chem. Rev. 97, 391-410. 

(8) Jones. D. S.. Camino. C. A.. Randow. M. E., Victoria, E. J.. 
Yu. L.. and Coutts. S. M. (1998) Synthesis of a Cyclic- 
Thioether Peptide Which Binds Anti-Cardlolipin Antibodies. 
Tetrahedron Lett. 39, 6107-6110. 

(9) Yu. L.. Lai. Y.. Wade. J. V.. and Coutts. S. M. (1998) A 
Simple and Efficient Method for the Synthesis of Thioether 
Cyclic Peptides. Tetrahedron Lett. 39, 6633-6636. 

(10) Rabensteln. D. L.. and Yeo. P. L. (1994) Kinetics and 
Equilibria of the Formation and Reduction of the Disulfide 
Bonds in Arginine-Vasopressin and Oxytocin by Thiol/Dis- 
ulfide Interchange with Glutathione and Cysteine. J. Org. 
Chem. 59, 4223-4229. 

(11) Itoh. N.. Yoshida. M.. Miyamoto. T.. Ichinose. H.. Wariishi. 
R. and Tanaka, H. (1997) Fungal Cleavage of Thioether Bond 
Found in Yperite. FEBS Lett. 412, 281-284. 

(12) Huang. L.. Quada. J. C. and Lown. J. W. (1995) Design. 
Synthesis, and Sequence Selective DNA Cleavage of Func- 
tional Models of Bleomycin. 1. Hybrids Incorporating a Simple 
Metal-Complexlng Moiety of Bleomycin and Lexttropsin 
Carriers. Bioconjugate Chem. 6, 21-33. 

(13) Boumrah. D., Campbell. M. M., Fenner, S., and Kinsman, 
R. G. (1991) Spacer Molecules in Peptide Sequences: Incor- 
poration Into Analogues of Atrial Natriuretic Factor. Tetra- 
hedron Lett. 32. 7735-7738. 

(14) The direct binding ELISA was carried out as follows. 
Immulon II 96-well microplates (Dynatech laboratories, Inc.) 
were treated with 100/*L/well of dilutions of KLH-peptlde 
conjugate at concentrations of 0-4 fig/mL In an aqueous 
solution consisting of 15 mM Na2COa and 35 mM NaHCOa 
for 2 h. The liquid was removed, and each well was treated 
with 200/*L of 0.5% (w/v) bovine serum albumin (BSA. Sigma 
Chemical catalog no. A7638) in TBS for 2 h. Each well was 
washed 5 times with TBS and treated with 100 pL of ACA- 
6501 serum or normal AB serum diluted in 0.5% BSA/TBS 
for 1 h with gentle agitation, then washed 5 times with TBS. 
Each well was treated with goat anti-human IgG alkaline 
phosphatase conjugate (Zymed, catalog 15, no. 62-8422) 
diluted 1:1000 in 0.5% BSA-TBS (100 ^L) for 1 h, washed 5 
times with TBS and developed by adding 100 ^L of PPMP 
solution (7.8 g of phenol phthalein monophosphate and 69.5 
g of 2-amlno-2-methyl-l-propanol in 100 mL of water and 
diluted 1:26 with water immediately before use). Color 
development was stopped by adding 50 fiL of 0.2 M NazHPO* 
solution to each well. Absorbance at 550 nm was read and 
plotted vs amount of KLH-peptlde added. 

(15) Iverson, G. M, (1986) Assay for In Vivo Adoptive Immune 
Response, in Handbook of Experimental Immunology, Vol. 
2: Cellular Immunology, 4 th ed. (D. M. Weir, and L. A. 
Herzenberg, Eds.) Chapter 67, pp 67.1-76.8. Blackwell 
Scientific Publications. Oxford. 

(16) The percentage of antigen bound multiplied by the dilution 
factor Is the same as the antigen binding capacity (ABC) up 
to 35% bound, because the percentage of antigen bound Is 
direcdy proportional to dilution in that range. For bindings 
greater than 35%, the log of ABC Is proportional to the log of 
the percentage bound and Is calculated by the following 
formula [ABC = [2x 1/10 antilog(% bound/35 x log 3.5)1 x 
dilution factor]. Values of ABC reported are the average of 
ABC values calculated from percentage of antigen bound in 
the range 10-70% {15). 

(17) Maeda. M., Izuno. Y.. Kawasaki. K.. Kanade. Y.. Mu, Y.. 
Tsutsumi, Y.. Lem. K. W., and Mazuml, T. (1997) Amino Acids 
and Peptides XXXII: A Blfunctional Poly(Ethylene Glycol) 
Hybrid of Fibronectln-Related Peptides. Biochem. Biophys. 
Res. Commun. 241, 595-598. 

(18) Campbell. R. M., Heimer. E. P.. Ahmad, M.. Elsenbels, H. 
G.. Lambros. T. J., Lee. Y.. Miller. R. W.. Strieker. P. R.. and 
Felix, A. M. (1997) Pegylated Peptides V: Carboxy-Termlnal 
Pegylated Analogues of Growth Hormone Releasing Factor 



488 Bioconjugate Chem., Vol. 10, No. 3, 1999 

(GRF) Display Enhanced Duration of Biological Activity In 
Vitro. J. Pept. Res. 49, 527-537. 

(19) Dawson, P. E., Mulr. T. W.. Clark-Lewis. I., and Kent, S. 
B. H. (1994) Synthesis of Proteins by Native Chemical 
Ligation. Science 266, 776-779. 

(20) Botti. P.. Pallin, T. D.. and Tarn. J. P. (1996) Cyclic Peptides 
from Linear Unprotected Peptide Precursors through Thia- 
zolidine Formation. J. Am. Chem. Soc. 118, 10018-10024. 

(21) Walker. M. A. (1997) Protein Synthesis by Chemical 
Ligation of Unprotected Peptides in Aqueous Solution. Angew. 
Chem.. Int. Ed. Engl. 36, 1069-1071. 

(22) Wilson. K. M.. Catlmel, B.. Mitchclhill, K. L. and Kemp, 
B. E. (1994) Simplified Conjugation Chemistry for Coupling 
Peptides to F(ab') Fragments: Autologous Red Cell Ag- 
glutination Assay for HIV-1 Antibodies. J. Immunol. Methods 
175, 267-273. 

(23) Futaki, S., Ishikawa, T., Niwa. M., Kitagawa, K., and 
Yagami, T. (1997) Embodying a Stable a-Helical Protein 
Structure through Efficient Chemical Ligation via Thioether 
Formation. Bioorg. Med. Chem. 5, 1883-1891. 

(24) Sebestyen. M. G., Ludtke. J. J., Bassik. M. C. Zhang, C, 
Budker, V., Lukhtanov, E. A., Hagstrom, J. E., and Wolff. J. 
A. (1998) DNA Vector Chemistry. The Covalent Attachment 
of Signal Peptides to Plasmid DNA. Nat. Biotechnol. 16, 80- 
85. 

(25) Canne, L. E., Ferre-D'Amare, A. R. f Burley, S. K., and Kent, 
S. B. H. (1995) Total Chemical Synthesis of a Unique 
Transcription Factor- Related Protein cMyc-Max. J. Am. 
Chem. Soc. 117, 2998-3007. 



Jones et al. 

(26) Bocher. M, Boldicke, T., Kiess. M., and Billtewski, U. 
(1997) Synthesis of Mono- and Bifunctional Peptlde-Dextran 
Conjugates for the Immobilization of Peptide Antigens on 
ELISA Plates: Properties and Application. J. Immun. Meth- 
ods 208, 191 -202. 

(27) Sem, D. S.. Baker. B. L.. Victoria. E. J., Jones, D. S.. 
Marquis. D., Yu, L.. Parks. J., and Coutts. S. M. (1998) 
Structural Characterization and Optimization of Antibody 
-Selected Phage Library Mlmotopes of an Antigen Associated 
with Autoimmune Recurrent Thrombosis. Biochemistry 37, 
16069-16081. 

(28) ACA ELISA data were obtained as follows. Polystyrene 
microtitration plates were coated with cardiolipin (50 fig/v/eW) 
in ethanol. After evaporation of solvent, wells were blocked 
(5% fish gelatin/PBS. pH 7.2). washed (TBS. pH 7.4), and 
coated with /^CPI (2.3% IgC -depleted normal human serum). 
Wells were incubated with a mixture of peptide and ACA 
serum, diluted 1:400 with 3% fish gelatin in 1:1 TBS/PBS, 
then washed (TBS) and treated with goat anti-human IgG 
alkaline phosphatase conjugate. After washing with TBS. the 
wells were treated with colorimetric substrate to determine 
the amount of ACA bound. The IC50 is the concentration of 
peptide that inhibited ACA binding by 50%. 

(29) Unpublished research from this laboratory. 

(30) Ferguson, T. A., Beaman, K. D.. and Iverson. C. M. (1985) 
Isolation and Characterization of a T Suppressor Factor by 
Using a Monoclonal Antibody. J. Immunol. 134, 3163-3171. 

BC9801373 



